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ARTICLE INFO ABSTRACT

Keywords: Although the COVID-19 pandemic highly impacted transit ridership as people reduced or stopped travel, these
COVID-19 changes occurred at different rates in different regions across the United States. This study explores the impacts
Transit of COVID-19 on ridership and recovery trends for all federally funded transit agencies in the United States from
B“_S January 2020 to June 2022. The findings of this analysis show that overall transit ridership hit a 100-year low in
E?clllershi 2020. Changepoint analysis revealed that June 2021 marked the beginning of the recovery for transit ridership
Changepl:)im in the United States. However, even by June 2022, rail and bus ridership were only about two-thirds of the pre-
Recovery pandemic levels in most metropolitan statistical areas (MSAs). Only in a handful of MSAs like Tampa and Tucson

did rail ridership reach or exceed 2019 ridership. This retrospective study concludes with a discussion of some
longer-term changes likely to continue to impact ridership, such as increased telecommuting and operator
shortages, as well as some opportunities, such as free fares and increased availability of bus lanes. The findings of
this study can help inform agencies about their performance compared to their peers and highlight general

challenges facing the transit industry.

1. Background

The COVID-19 pandemic affected humanity in enormous ways.
From the declaration of COVID-19 as a pandemic in March 2020 to the
final edits on this paper in April 2023, COVID-19 has resulted in more
than one million deaths in the United States (CDC, 2023). One highly
impacted sector has been public transit, as users stopped or reduced
riding transit as they feared contracting COVID-19 on transit, no longer
had the need to commute, or shifted their travel mode (Hu et al., 2020;
Das et al., 2021; Simons et al., 2021). While transit ridership in the
United States was declining prior to the pandemic (Watkins et al.,
2021), the impact of COVID-19 on transit ridership was more devas-
tating than any other prior event in the last century. Fig. 1 shows that
overall transit ridership and rail ridership hit a 100-year low in 2020,
and bus ridership was at the lowest level since the 1930s.

While some prior studies have considered the impacts of COVID-19
on transit ridership, most focused primarily on the early period of the
pandemic for specific agencies/regions. To the best of the authors'
knowledge, no prior study did a comprehensive study of transit rider-
ship trends that considers all federally funded transit agencies beyond
the first year of the pandemic. Therefore, this study begins to fill this
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gap in the literature by exploring the impacts of the COVID-19 pan-
demic on transit ridership from January 2020 to June 2022 for all
federally funded transit agencies in the United States. This retrospective
analysis will help transit agencies compare their performance to their
peers and understand industry-wide recovery trends.

This paper begins with a brief review of the prior studies. Then, the data
and method used to conduct this analysis are presented. Next, the results are
presented, and the conclusions and directions forward are discussed.

2. Prior studies

A growing body of knowledge has explored different aspects of how
COVID-19 has impacted transit ridership in various regions of the
world. This body of knowledge includes numerous international stu-
dies, such as recent studies of Australia (Beck et al., 2021), Bangkok,
Thailand (Siewwuttanagul and Jittrapirom, 2023), Canada (Palm et al.,
2021; Kapatsila et al., 2022), Coruiia, Spain (Orro et al., 2020), India
(Das et al., 2021), Madrid, Spain(Pozo et al., 2022), Scotland (Downey
et al., 2022), Stockholm, Vistra Gotaland and Skane, Sweden (Jenelius
and Cebecauer, 2020), Tampere, Finland (Tiikkaja and Viri, 2021), and
Wuhan, China (Xin et al., 2021).
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Fig. 1. Annual transit ridership in the United States
Data Source: American Public Transportation Association (2023).

In the United States, several studies have explored the impact of
COVID-19 on transit ridership with a focus on a specific city or a spe-
cific state like New York City (Halvorsen et al., 2021; Wang and Noland,
2021; Moghimi et al., 2022), Chicago (Hu and Chen, 2021), Nashville
(Wilbur et al., 2020), Chattanooga (Wilbur et al., 2020), Los Angeles
(Gleason, 2021), North Dakota (Molina et al., 2021), and Ohio (Simons
et al., 2021). However, a limited number of studies have explored the
COVID-19 impacts on transit ridership in more than one region of the
United States, which is the focus of the following brief literature review.

In one study, Liu et al. 2020 used logistic regression to explore
public transit demand changes for 113 transit agencies using data from
the Transit app (a widely used smartphone application that provides
transit information). This prior study showed higher transit demand
was observed in areas with higher percentages of essential workers,
minorities, females, and people over 45 (Liu et al., 2020). However, the
authors of this study have acknowledged that one limitation is that
Transit app data do not represent all riders. They also called for future
research to use data from automated passenger counters or other more
representative sources.

A study by USDOT on the impacts of the COVID-19 pandemic on the
future of transportation explored changes in bus and rail ridership for
the top 26 transit markets in the United States from August 2019 to
August 2020 using ridership data from the National Transit Database
(NTD) (Polzin and Choi, 2021). The findings of this study showed that
rail ridership declined by 72% from August 2019 to August 2020, while
bus ridership declined by 37% in the same period. This difference in
decline was partially attributed to the fact that rail riders typically
"travel from white-collar urban and suburban locations to central business
district" (Polzin and Choi, 2021). These white-collar jobs were more
likely replaced by telecommuting, so the need for travel was negated.
While this prior study is very relevant to the topic at hand, it focused on
changes during the early months of the pandemic.

Another study by Qi et al. explored ridership changes for bus and
light rail in the top 20 largest metropolitan areas in the United States
from February 2020 to January 2021 (Qi et al., 2021). Using random-
effects models, Qi et al. showed that areas with higher median house-
hold incomes, higher employment rates, and higher Asian populations
experienced higher ridership declines (Qi et al., 2021). Similarly, a
study by Sullivan explored the COVID-19 impacts on transit ridership in
New England using NTD ridership data. This prior study found that 11
of the 12 transit agencies in the region experienced more than a 50%
decline in ridership in the first year of the pandemic (Sullivan, 2021).
These studies also focused on the first year of the pandemic, leaving
room for additional research on nationwide trends in the later stages of
the pandemic.

While these prior studies on the impacts of COVID-19 on ridership in
the first year of the pandemic are interesting, the transit industry in the
United States now faces the question of how it can fully rebound as the
major public health threat of the pandemic subsides. Therefore,
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continued analysis of the impact of COVID-19 on transit ridership is
needed. This study explores transit ridership trends for all federally
funded transit agencies that report to the National Transit Database in
the United States from January 2020 to June 2022, which is an area for
research suggested in prior studies (Qi et al., 2021; Liu et al., 2020).
This study makes three contributions. This study examines transit ri-
dership trends during the early portion of the pandemic as well as more
recent recovery trends (until June 2022) using a changepoint analysis
to investigate transit ridership's recovery trajectory. This changepoint
analysis detects any significant changes in the recovery of transit ri-
dership. In addition, this study explores ridership changes in opera-
tional clusters across the United States, allowing transit providers to
compare their performance to their peers.

3. Data

This study used monthly ridership data from the National Transit
Database from January 2019 to June 2022 (National Transit Database,
2022). NTD data provides monthly ridership estimates by mode for all
transit agencies that receive federal funds. For this analysis, only rail
and bus were considered since they are the dominant modes in the
United States. The rail mode included heavy rail (HR), light rail (LR),
streetcars (SR), and commuter rail (CR), and the bus mode contained
motor bus (MB), bus rapid transit (RB), trolley bus (TB), and commuter
bus (CB). It should be noted that demand-responsive transit was not
considered in this study; future studies should explore demand-re-
sponsive transit and how it was affected by the COVID-19 pandemic.

The unit of analysis was the metropolitan statistical area (MSA); all
transit agencies operating in the same region were aggregated to the
MSA level. The reason for using the MSA level instead of the transit
agency was to compare regions with similar transit characteristics
based on American Public Transportation Association (APTA) opera-
tional expenses clusters (American Public Transportation Association,
2019):

e High operational expenses cluster: Above $300 Million per year.
This cluster had both bus and rail operators.

e Mid operational expenses cluster: Between $30 Million and $300
Million per year. This cluster also had bus and rail operators.

o Low operational expenses cluster: Below $30 Million per year. This
cluster had bus operators only.

The New York MSA, which includes transit agencies operating in
New York State and New Jersey, was explored separately since this
region carries about 40% of the total transit ridership in the United
States (Watkins et al., 2021). Also, New York was a COVID-19 hotspot
in the early months of the pandemic, which also warrants special
consideration.

4. Method

This study begins with a retrospective analysis of ridership, ser-
vice provision, and productivity changes using APTA operational
expense clusters from January 2020 to June 2022. By comparing
trends across regions within each cluster, this retrospective analysis
provides an overview of how transit ridership changed in the dif-
ferent MSAs and allows transit providers to compare their perfor-
mance to their peers.

The second part of the study applied a changepoint analysis to de-
tect any significant changes in the recovery of transit ridership.
Changepoints are defined as "abrupt variations in time series data" and
could represent changes that occur between conditions or states
(Aminikhanghahi and Cook, 2017). Changepoint analysis is gaining
interest in the field of transportation in the wake of the COVID-19
pandemic; some recent studies have used this method to explore
changes in mobility levels and subway ridership during COVID-19
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(Panik et al., 2022; Moghimi et al., 2022). Changepoint analysis was
applied to identify changes in ridership recovery measured as the per-
cent decline compared to the same month in 2019. Transit ridership
recovery might have experienced more than one change during the
study period; therefore, this study used the multiple changepoint ap-
proach. This study applied a detection method proposed by Killick and
Eckley to explore the multiple changepoints (Killick and Eckley, 2014).
The method uses multiple search methods compared to other methods
that apply single search methods (Killick and Eckley, 2014).

The Killick and Eckley method applies a likelihood-based frame-
work to detect changepoints (Killick and Eckley, 2014). The multiple
changepoint method is an extension of the single changepoint approach
that uses a likelihood ratio test statistic for changes in the mean and/or
variance of the outcome variable (y) before and after the changepoint.
The likelihood ratio test has a null hypothesis indicating no change-
point (m = 0), and an alternative hypothesis that there is a single
changepoint (m = 1) (Killick and Eckley, 2014). The multiple chan-
gepoint approach uses the same concept to test for m > 1 by summing
the likelihood for each m (Killick and Eckley, 2014).
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The multiple changepoint approach identifies the multiple change-
points by minimizing Eq. (1) (Killick and Eckley, 2014).

m+1

min Y {C Oy ypnyem)} + BF (M)
i1 1

Where:

y is the outcome variable.,

C is the cost function (e.g., negative log-likelihood).

Bf (m) is a penalty to guard against overfitting.

m is the number of changepoints.

7 is a changepoint at the time i.

Killick and Eckley proposed three different algorithms to minimize
Eq. (1) as follows: binary segmentation, segment neighborhoods, and
pruned exact linear time (PELT) (Killick and Eckley, 2014).

This study used the pruned exact linear time (PELT) algorithm to
detect multiple changepoints in the mean of the percent decline in
monthly ridership compared to 2019, since it is the most accurate and
computationally efficient (Killick and Eckley, 2014). Also, to protect
against overfitting, a penalty = 200 *log(n) was applied, and the
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Fig. 2. Percent decline in ridership, service provision, and productivity for rail.
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minimum length of the segment was restricted to two months. This
analysis was carried out in RStudio using the "changepoint" package
version 2.2.3 (Killick et al., 2022).

5. Results

This section presents ridership, service provision, and productivity
trends from January 2020 to June 2022 for both rail and bus.

5.1. Rail trends

Fig. 2 shows the percentage change compared the same month in
2019 for New York, the high operational expenses cluster, and the mid
operational expenses cluster. New York experienced substantial drops
early in the pandemic; ridership dropped by more than 90% in April
2020 and May 2020 compared to 2019. These dramatic drops coincided
with a significant service reduction of 39% of vehicle revenue miles
(VRM) in April 2020. However, as New York announced a phased re-
opening plan in June and July 2020 (Wang and Noland, 2021), 90% of
the rail service was restored by July 2020, and ridership started to
bounce back slightly. New York ridership recovered slowly in 2021 and
the first half of 2022 until it reached about 70% of 2019 by June 2022.
This generally aligns with the findings of a prior study that predicted
transit ridership in New York would be about 73% of the pre-pandemic
levels after the city reopened (Wang et al., 2021).

Fig. 2 also shows that rail ridership in the high operational expenses
cluster experienced similar ridership declines to New York in April and
May 2020 (about an 87% decline in UPT). However, rail ridership in
these MSAs experienced a slower recovery than in New York. By June
2022, they were still 47% below ridership levels in 2019, although the
service levels were only 11% below 2019.

In the mid operational expenses cluster shown in Fig. 2, ridership
declines were less dramatic during the early period of the pandemic; the
largest decline was 76% of 2019 ridership levels in April 2020. How-
ever, ridership was almost constant from July to December 2020 at
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about a third of 2019 levels. From the beginning of 2021, ridership
started a slow recovery until it reached about 60% of the 2019 levels by
June 2022.

Comparing ridership for these three clusters, ridership recovery was
slower for the high operational expenses cluster. This slower recovery
suggests that transit agencies in this cluster may have a tough time
bringing rail ridership back to the pre-pandemic levels; it may be par-
ticularly challenging for those agencies with higher numbers of choice
riders and high-income riders, as a prior study showed that high-income
riders used transit less than low-income riders during the pandemic
(Parker et al., 2021). Those riders might be reluctant to return to transit
as they have access to other options. Also, areas with higher levels of
white-collar jobs may struggle to recover as white-collar workers may
continue to work from home (Kurzhanskiy and Lapardhaja, 2021).

In addition, Fig. 2 shows that service levels measured as vehicle
revenue miles (VRM) in New York were almost restored to pre-pan-
demic service provision levels by June 2022, and VRM was only about
10% less than 2019 levels for the high and mid operational expenses
clusters. By this point, rail service was almost at the pre-pandemic le-
vels across the different clusters.

Last, Fig. 2 displays transit productivity (measured as UPT per VRM
and shown in blue). Transit productivity followed a similar trajectory
ridership for the different clusters.

5.1.1. Rail ridership changes by region in the high operational expenses
cluster

Fig. 3 shows declines in rail ridership for 2020, 2021, and 2022 (Jan
to Jun only) compared to similar periods in 2019, measured as a per-
cent decline relative to 2019. The change in ridership in June 2022
compared to June 2019 for each MSA is represented by the circle's color
and size.

Fig. 3 shows that San Francisco and Washington, DC were the most
affected MSAs in this cluster; they experienced ridership declines of
73% and 71% in 2020, respectively. This finding is consistent with the
findings of a prior study by (Qi et al., 2021). One possible reason that
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Fig. 5. Rail ridership declines in the mid-operational expenses cluster MSAs.

may explain these sharp declines is telecommuting. Washington, DC,
had substantially declined ridership as most federal government em-
ployees worked virtually during 2020. Data from the Maryland Trans-
portation Institute at the University of Maryland College Park showed
that between March 2020 and December 2020, about 52% of the
workforce in Washington, DC worked from home, the highest nation-
wide during this period (Maryland Transportation Institute, 2020). Si-
milarly, San Francisco and the larger Bay Area metropolitan region are
home to many tech companies whose employees could work remotely
for extended periods. In contrast, Houston, Dallas, Phoenix, and San

Diego were the least affected in 2020 in percentage terms; they ex-
perienced ridership declines ranging from 42% to 44%.

In 2021, ridership declines in this cluster ranged from 40% to 78%
(Fig. 4). San Jose joined San Francisco and Washington, DC, as the most
affected MSAs. Ridership declines in these three MSAs ranged from 78%
to 76% below the 2019 levels. This high ridership decline in San Jose
could be attributed to the system being out of service for three months
due to a mass shooting in one of the light rail stations in May 2021
(Preciado et al., 2021). San Diego, Dallas, Miami, and Houston were the
least affected in 2021.
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Fig. 3 also shows that in June 2022, MSAs in this cluster experienced
ridership declines ranging from 9% to 67%, with a mean decline of 43%.
San Diego experienced the least decline as ridership was only 9% below
June 2019, which indicates that it had almost recovered. On the other
hand, ridership in Baltimore was still 67% below June 2019 levels (the
highest in this cluster). San Francisco, Washington, DC, San Jose, and
Chicago were also among the most affected. Recent research has shown
that downtown San Francisco continues to feel the impacts of the pan-
demic, and it had the lowest recovery ratio among 31 large cities with
populations of more than 350,000 across the United States and Canada
(Chapple et al., 2022). Chapple et al. 2022 showed that visits to downtown
San Francisco in the period March 2022 to May 2022 were only 31% of
the number of visits in 2019 for the same period (Chapple et al., 2022).
Similarly, Chicago ridership was 52% less in June 2022 than in June 2019,
which suggests that ridership in Chicago had yet to recover as of 2022.
This finding contradicts the prediction of a prior study in Chicago that
expected ridership would recover immediately as all travel restrictions
were lifted (Osorio et al., 2022). A recent report suggested that ridership
recovery in Chicago has been affected by remote work policies rather than
travel restrictions (Liu et al., 2023).

5.1.2. Rail ridership changes by region in the mid-operational expenses
cluster

Fig. 5 shows that St. Louis experienced a 48% drop in ridership in
2020, which is the smallest in this cluster, followed by Sacramento
(50% drop in 2020). Fig. 5 also shows that the most impacted MSAs in
terms of percentages were Albuquerque, Detroit, El Paso, Portland
(ME), Nashville, and Stockton; these MSAs experienced ridership de-
clines ranging between 83% and 73% in 2020. Those MSAs could be
divided into two groups. The first group contains Albuquerque, Detroit,
and El Paso. These three MSAs shut down their transit service in April
2020. The second group contains Portland (ME), Nashville, and
Stockton, which operate only commuter rail. These three MSAs with
commuter rail only experienced higher declines than other MSAs in this
cluster, which is expected as telecommuting was one of the main stra-
tegies used to reduce the spread of COVID-19, and many commuter rail
patrons have higher-income jobs that are more likely to allow work
from home (Polzin and Choi, 2021).

In 2021, interestingly, rail ridership in Tucson exceeded 2019
ridership levels by 3%, which is the first MSA to reach pre-pandemic
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rail ridership levels (Fig. 6). Transit officials in Tucson attribute this
recovery to the continuation of offering free rides, waiving the $4.25
single fare on the streetcar system (Koldnews, 2022). In the first half
of 2022, Tampa joined Tucson as the only two MSAs to exceed 2019
ridership with 25% and 61% increases, respectively. Officials in
Tampa attribute this increase in ridership to increased tourism and
major events like the Tampa Bay Lightning playoff (Spectrum Bay
News 9, 2022). Also, the Tampa streetcar has been running free since
October 2018 (Harlan, 2022). Last, Detroit, El Paso, Nashville, and
Stockton were also the most affected MSAs in 2021 and the first half
of 2022.

5.2. Bus trends

Fig. 7 shows that the largest decline in bus ridership in the New York
MSA was observed in April 2020, with a 77% drop compared to April
2019. New York bus ridership reached two-thirds of 2019 levels in
August 2020 before dropping again in the following months; this
second decline could be attributed to the increase in COVID-19 cases
during this period. COVID-19 cases in New York were again on the rise
during the period from October 2020 to December 2020 (CDC, 2023).
By June 2022, New York bus ridership was about two-thirds of rider-
ship levels observed in 2019.

Fig. 6 shows that bus ridership in the other operational expense
clusters (High, Mid, and Low) followed a similar trend. Bus ridership in
these three clusters experienced the largest decline in April 2020, about
70%, compared to April 2019. After that, ridership started a slow re-
covery until it reached about two-thirds of 2019 ridership levels by
June 2022. However, bus ridership in the different clusters dipped
during surges in COVID-19 cases in January 2021 (Alpha variant) and
January 2022 (Omicron variant) (CDC, 2023). This finding suggests
that bus ridership was still affected by COVID-19 waves but at a smaller
magnitude compared to when the pandemic first hit.

Fig. 7 also shows the service provision levels for the different clus-
ters. All clusters reduced bus service by about 30% in April and May
2020. New York, mid, and low operational expenses clusters restored
about 90% of service by fall 2020. On the other hand, the high op-
erational expenses cluster VRM levels were about 80-85% of the 2019
levels through June 2021. Fig. 7 also shows that productivity followed a
similar trend to ridership.
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Comparing bus and rail trends, bus ridership experienced less de-
cline than rail at the beginning of the pandemic and started to recover
faster. This difference may be partly due to the demographics of bus
riders compared to rail; essential workers more often use buses than
rail, and rail systems often have higher percentages of choice riders
than buses before and during the pandemic (Clark, 2017; Taylor and
Morris, 2015; Brown et al., 2014; He et al., 2022). Last, the results of
this study indicate that rail and bus ridership experienced ridership
declines of about 30% in June 2022. This finding suggests that ridership
is still below some of the early recovery predictions that projected ri-
dership declines will be less than 20% by June 2022 (Polzin and Choi,
2021).

5.2.1. Bus ridership changes by region in the high operational expenses
cluster

Fig. 8 shows declines in bus ridership compared to 2019 for MSAs in
the high operational expenses cluster for 2020, 2021, and the first half of
2022. In 2020, MSAs in this cluster experienced a similar percentage drop
in bus ridership, ranging from 36% to 54% (mean decline of 46%), except
for Phoenix, which experienced a drop of only 24%. In 2021, most MSAs
experienced larger percentages of decline compared to 2020, ranging from
29% to 60% (Fig. 9). These larger declines were likely because COVID-19
affected ridership in 2020 starting from March, while it affected the whole
year of 2021. Boston, Miami, Los Angeles, and Washington, DC, debunked
this trend as they experienced smaller declines in 2021 compared to 2020,
suggesting they started to recover faster than other MSAs.
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In the first half of 2022, most MSAs' ridership reached more than
half the 2019 levels, with Miami being the fastest to recover (74% of
2019 ridership levels).

5.2.2. Bus ridership changes by region in the mid operational expenses
cluster

In 2020, this cluster's mean decline in ridership was 44%.
Richmond, VA, was the least affected, with a decline of only about 17%
in 2020, as shown in Fig. 10 and Fig. 11. Bridgeport, CT, was the most
affected in the mid operational expenses cluster (—73%), followed by

Santa Cruz-Watsonville, CA (—68%) (Fig. 11). In 2021, Tucson, AZ, and
Richmond, VA, experienced only 11% and 13% less than the 2019 le-
vels, respectively, which were the least percentages of decline in ri-
dership in this cluster. Bridgeport, CT (—73%) and Santa Cruz-Wat-
sonville, CA (—68%) were also the most affected. In the first half of
2022, bus ridership in Worcester, MA-CT, recovered to the pre-pan-
demic levels, with ridership gains also attributed to the agency oper-
ating fare-free since the beginning of the pandemic (Milneil, 2021). In
June 2022, ridership in Worcester, MA-CT, was about 25% higher than
in June 2019, which indicates that ridership continued to increase.

Ridership Decline Range (bus high op-ex)

-20
1

-30
1

Change Compared to 2019 (%)
-50 -40
L 1

-60
1

©® Miami

2020

2021 2022
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5.2.3. Bus ridership changes by region in the low operational expenses
cluster

Fig. 12 shows that declines in the low operational expenses cluster
ranged from — 93% to — 42%, with a mean decline of 42%. Rome, GA,
was the most impacted in this cluster in 2020 (—93% drop in rider-
ship), followed by Elizabethtown, KY (—80%), Bay City, MI (—74%),
State College, PA (—70%), Blacksburg, VA (—69%), and Ithaca, NY
(—66%). Many of these cities are college towns where students moved
to eLearning when the COVID-19 pandemic began. Elizabethtown, KY,
stopped fixed-route bus services when the pandemic hit.

In 2021, ridership declines ranged from 7% to 93% below 2019
levels (Fig. 13), with a mean decline of 45%. Sebastian, FL, experienced
the fastest recovery as ridership was only about 7% below 2019. One
interesting aspect of transit in Sebastian, FL, is that GoLine (the transit
provider) operates fare-free but encourages riders to donate to help the
system (Goline, 2022).

In the first half of 2022, Toledo experienced a 19% increase in ri-
dership compared to the same period in 2019; the transit agency in
Toledo was operating fare-free from March 2020 till July 2022 but
reinstated fares starting August 2022 (Toledo Area Regional Transit
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Authority (Toledo Area Regional Transit Authority Tarta, 2022).
Figs. 12 and 13 also show that ridership in Fayetteville, NC, experi-
enced a ridership increase of more than 20% in the first half of 2022.
These increases likely resulted from low ridership in the first half of
2019 in Fayetteville, NC, not a large increase in 2022.

5.3. Changepoint analysis

Fig. 14 shows the changepoint results of nationwide rail and bus
ridership compared to 2019. Rail and bus ridership change had two

10

changepoints within the study period, in March 2020 and June 2021.
The first changepoint in March 2020 identifies the beginning of the
pandemic with substantial ridership declines until May 2021. During
this period, the average monthly ridership decline was about 71.23% on
rail and 53.82% on bus. Stay-at-home orders and higher unemployment
rates defined this period. This finding aligns with the findings of prior
studies in different regions (Moghimi et al., 2022; Osorio et al., 2022).
The other changepoint in June 2021 signals the beginning of the re-
covery for transit ridership. The beginning of the recovery corresponds
with 50% of US adults being fully vaccinated by the end of May 2021



A. Ziedan, C. Brakewood and K. Watkins

Journal of Public Transportation 25 (2023) 100046

20

111.17%

Rail

0
I

-20
L

-60
1

Change compared to 2019 (%)
-80 -40
1 1

-100
1

T T
Jan 2020 Jul 2020 Jan 2021

1 T U
Jul 2021 Jan 2022 Jul 2022

20
I

2.55% Bus

1

20 0

1

-60 -40
1

1

Change compared to 2019 (%)

-100 -80

Monthly Ridership Change == == == = [ean Change

Fig. 14. Changepoint results of nationwide rail and bus ridership.

Table 1

Changepoint Results by Cluster.
Cluster # of CP Time of CPs Mean ridership change compared to 2019 (%) Difference between (3) and (2)

(pp)
(1) Jan 20 to Feb 20 (2) Mar 20 to May 21 (3) Jun 21 to Jul 22

Bus (US) 2 March 2020 June 2021 2.55 -53.82 -40.66 13.16
Bus NY 1.36 -51.48 -37.33 14.15
Bus High 3.72 -55.38 -41.56 13.82
Bus Mid 2.08 -51.86 -41.66 10.20
Bus Low -1.10 -55.24 -41.41 13.82
Rail (US) 11.17 -71.23 -47.65 23.58
Rail NY 15.94 -69.45 -42.81 26.64
Rail High 3.23 -74.95 -56.84 18.11
Rail Mid 2 March 2020 July 2021 -1.09 -65.02 -49.17 15.85

(CDC, 2023). From June 2021 to June 2022, rail ridership was 47.65%
lower than 2019 levels, while bus ridership was about 40.66% less than
in 2019. These two numbers indicate 23.58% and 13.16% points in-
crease in rail and bus ridership, respectively. These increases are con-
sistent with the findings of a nationwide survey of transit riders
(n = 531) that found effective vaccines would encourage 38% of riders
to increase transit use (Parker et al., 2021).

In summary, this analysis shows that early in the pandemic, buses
experienced fewer declines compared to rail, likely due to the fact that
buses typically serve more essential workers and transit-dependent ri-
ders compared to rail (Clark, 2017). However, after the changepoint,
rail ridership recovered a higher portion of lost ridership compared to
the bus.

This changepoint analysis was also conducted by cluster; the results
are shown in Table 1. In all clusters but rail mid operational expenses,
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ridership recovery followed the same trend as nationwide ridership
with two changepoints in March 2020 and June 2021. The rail mid
operational expenses cluster's second changepoint was in July 2021,
suggesting ridership in this cluster started to recover one month later
but within a similar timeframe. Interestingly, the COVID-19 pandemic
hit when ridership across all clusters was increasing except the bus low
operational expenses cluster and the rail mid operational expenses
cluster (Table 1). These increases came after years of decline in transit
ridership since 2014 (Erhardt et al., 2022; Watkins et al., 2021).
However, as the pandemic hit, ridership experienced the most severe
declines in the last 100 years.

Table 1 also shows the difference in average ridership decline be-
tween the two periods before and after the second changepoint. The
recovered portion of ridership ranged from 10% in the bus mid op-
erational expenses cluster to 26% in the rail New York cluster.
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6. Conclusions

This retrospective study explored transit ridership, service provi-
sion, and productivity changes for all federally funded agencies in the
United States due to the COVID-19 pandemic from January 2020 to
June 2022. Overall transit ridership and rail ridership hit 100-year lows
in 2020, and bus ridership reached the lowest level since the 1930s.
Most metropolitan areas and modes experienced the highest drop in
April 2020, when there were many lockdowns and travel restrictions.
Riders started to return to transit as cities began to reopen, but ridership
declines were still substantial in most MSAs through June 2021. This
significant changepoint in the recovery trajectory in June 2021 is likely
attributed to 50% of US adults being fully vaccinated and messaging
from officials that the pandemic was ending. From June 2021 to June
2022, ridership recovery continued but slowly until it reached about
two-thirds of the 2019 levels in most MSAs.

In a handful of MSAs like Tampa and Tucson, rail ridership reached
or exceeded 2019 ridership. Bus ridership also exceeded 2019 ridership
in some MSAs in the low operational expenses cluster. One common
factor among many of these MSAs that recovered is continuing to offer
fare-free transit for an extended period. While this finding suggests that
fare free operations expedited ridership recovery in some MSAs, further
research is needed to confirm this finding and to estimate the magni-
tude of the impact.

Last, transit productivity (measured as UPT per VRM) followed the
same trend as ridership across different modes across all clusters. This
finding indicates that the capacity limits implemented by agencies did
not greatly impact ridership.

7. Directions forward

The findings of this study showed that though transit ridership in
the United States has recovered slowly, it was still about one-third
below the 2019 levels by June 2022, while other modes of travel, like
vehicular travel, had already reached pre-pandemic levels Bureau of
Transportation Statistics, 2022). As the transit industry works to regain
ridership to pre-pandemic levels, some additional factors may impact
continued recovery. Service cuts due to bus operator shortages are a
major concern. 71% of agencies that participated in a recent survey by
APTA (n = 117) stated that they had to cut service or delay service
increases because of the bus operators' shortage (American Public
Transportation Association, 2022). This shortage could be attributed to
factors like competition from delivery companies, general low un-
employment, and reports of increased assaults against transit operators,
along with increases in crime in many cities (TransitCenter, 2022;
Walker, 2021). Transit providers must address this driver shortage issue
as a major step toward full recovery.

Another threat to the recovery is the projected fiscal cliff at many
transit agencies, as federal funding is expected to end soon
(TransitCenter, 2023). Agencies benefited from the additional federal
funding provided through the Coronavirus Aid, Relief, and Economic
Security (CARES) Act (Congress.Gov. 2020, 2020b), the Coronavirus
Response and Relief Supplemental Appropriations Act of 2021
(Congress.Gov. 2020, 2020b), and the American Rescue Plan Act of
2021 (Congress.Gov, 2021) to overcome the loss of revenue resulting
from fare collection suspension. As this funding source is drying up,
agencies face severe deficits in their budget (TransitCenter, 2023).

Furthermore, many of the MSAs that reached or exceeded pre-
pandemic ridership levels operated fare-free services for extended
periods, which suggests that it could play a role in transit recovery.
However, the fare-free operation could be costly, particularly for
agencies with higher farebox recovery ratios. In the future, transit
providers need other sources of revenue to replace the farebox revenue
if they decide to continue fare-free operations.

Telecommuting is expected to be a long-lasting impact of the
COVID-19 pandemic; a survey of more than 30,000 Americans
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indicated that the percentage of telecommuting is expected to be 20%
after COVID-19 compared to only 5% prior to the pandemic (Barrero
et al., 2021). This significant increase in telecommuting is expected to
change how people use transit either by reducing the frequency of
riding or the purpose of using transit. Transit providers should consider
this as they plan for future service changes. For example, agencies could
change their fare policy to encourage part-time commuters to use
transit when they commute through programs such as fare capping with
flexible periods (Hightower et al., 2022) or short-term period passes
instead of 31-day passes. Also, agencies could consider planning ser-
vices for more diverse travel purposes rather than focusing on com-
muting.

A related challenge to telecommuting is that many people have
moved to less dense areas to avoid crowding or benefit from large areas
for outdoor activities (Burke and Grogan, 2021). Lower densities would
negatively affect transit ridership (Watkins et al., 2021), and more
transit services would be needed to provide the same level of accessi-
bility.

The COVID-19 pandemic also resulted in many changes to transit
planning and operations (Gkiotsalitis and Cats, 2021). Some of these
changes were implemented primarily in the early stages of the pan-
demic, like social distancing and masks on vehicles, changes to fre-
quencies and timetables, and capacity limits (Federal Transit
Administration, 2022; Gkiotsalitis and Cats, 2021). Other changes could
remain in the longer term. One example is providing real-time tools to
track crowding on vehicles (Federal Transit Administration, 2022);
while this was particularly useful for social distancing purposes, it is
also helpful as ridership grows. Real-time crowding information could
be used to improve riders' satisfaction, reduce overcrowding, and help
reduce bus bunching (Drabicki et al., 2022; Drabicki et al., 2023).
Another modification was the installation of temporary bus lanes
during the pandemic in cities like Boston, Chicago, and San Francisco
(Cobbs, 2020). These temporary lanes helped to increase the speed of
buses; for example, one evaluation of a temporary bus lane installed
along a high ridership corridor in San Francisco showed that riders
experienced 15% faster travel times (Mcmillan, 2022). The success of
temporary bus lanes shows that prioritizing transit by providing in-
creased levels of right-of-way could be done relatively quickly and at a
low cost.

Last, while this study focused on ridership (the typical measure for
transit performance), the COVID-19 pandemic showed that transit plays
a critical equity role in providing access to essential workers around the
country who helped keep the cities running. This kind of benefit could
not be quantified by ridership or productivity. Therefore, in the future,
transit success should not be measured only by ridership or productivity
measures; other measures are needed to gauge transit performance.
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